ABSTRACT -The present study was conducted to investigate the effect of alternative true-protein sources to soybean meal, with different ruminal degradability, using a sugarcane-based diet, on nutrient digestion, ruminal fermentation, efficiency of microbial protein synthesis and passage rate in prepubertal dairy heifers. Eight crossbred rumen-and duodenum-cannulated Holstein × Gyr dairy heifers (202.0±11.5 kg BW) were evaluated in a 4 × 4 Latin square experimental design with four treatments and four periods in two simultaneous replicates. Dietary treatments were: soybean meal; cottonseed meal; peanut meal; and sunflower meal. When associated with diets containing sugarcane, the different protein sources did not affect intake or digestibility of dry mater, crude protein, organic matter and neutral detergent fiber. The average ruminal pH, NH 3 -N and concentration of total volatile fatty acids were not different among the diets supplied. The concentration of butyric acid was different among the protein sources, wherein the animals fed the diet with sunflower meal presented lower values than those fed the other sources. Diets did not affect nitrogen balance, microbial nitrogen, microbial synthesis efficiency, estimated dry matter flow, or passage rate. Alternative protein sources can be used to reduce the costs without changing the animal metabolism.
Introduction
The global food production is not growing at the appropriate rate to meet the estimated world needs until 2050 (Lal, 2013) . The challenge of livestock production is to seek nutritional alternatives that increase the efficiency of the system, meeting the demand for lower-cost feeds. Optimizing animal performance based on native feeds is one of the main goals of livestock producers. However, the right understanding of the nutritional properties of these feeds is essential when aiming to reduce age at first calving. In tropical countries, heifer diets are mostly composed of roughages, in which sugarcane is very commonly used due to its higher productivity over the year. However, the low protein content of this roughage requires a supplemental protein source in the diet (Queiroz et al., 2012) .
Choosing alternative sources of supplemental protein may lower the production costs but, on the other hand, the sources influence the amount of rumen undegradable protein and lead to an inappropriate supply of rumen degradable protein, which in turn could reduce the microbial protein synthesis, causing a change in the profile of absorbed amino acids (Wright et al., 2005; Broderick et al., 2007) , which ultimately results in lower animal performance (Yang et al., 2010) .
The theoretical concepts of the responses to the sources of rumen undegradable protein have been equivocal (Ipharraguerre and Clark, 2005) , because not only the protein source, but also their association with carbohydrates may lead to imbalance, resulting in an inefficient use of nitrogen, which incurs energy costs to the animal metabolism for elimination of the excess (Reynolds, 2006) and, as a consequence, lower animal efficiency (Yang et al., 2010 ). An adequate feeding balance may also reduce the excretion of nutrient and manure, reducing the excessive release of ammonium compounds such as N (NH 4 + ), nitrate (NO 3 -), and nitrite (NO 2 -) to the atmosphere or the soil, and resulting in lower environmental impact (Vasconcelos et al., 2007) .
The hypothesis of the present study is that alternative true-protein sources to soybean meal with different ruminal degradability have been associated with changes in rumen fermentation, possibly affecting the intake and digestibility of the diet, while increasing the efficiency of microbial protein synthesis and reducing nitrogen losses.
The present study was conducted to investigate the effect of alternative true-protein sources to soybean meal, with different ruminal degradability, in a sugarcane based diet, on nutrient digestion, ruminal fermentation, efficiency of microbial protein synthesis, passage flow and passage rate in prepubertal dairy heifers.
Material and Methods
The experiment was conducted in Brazil, at geographical coordinates 21º15'22" South latitude, 48º18'58" West longitude, and 595 m altitude. According to the Köppen classification, the climate in Jaboticabal city is a subtropical type Cwa, with rainy summers and dry winters. Research on animals was conducted according to the Institutional Committee on Animal Use (protocol number 022122/09).
Eight rumen-and duodenum-cannulated crossbred Holstein × Gyr dairy heifers (202.0 BW±11.5 kg) were evaluated in 4 × 4 Latin square experimental design with four treatments and four periods in two simultaneous replicates. The diets were formulated using the RLM/ Esalq-USP software (Lanna et al., 1999) in accordance with the Cornell Net Carbohydrate and Protein System (CNCPS) developed by Fox et al. (2000) . The roughage was sugarcane (600 g/kg on a DM basis and with the following composition: 279 g/kg DM; 33.9 g/kg CP; 566 g/kg NDF), and the concentrate (400 g/kg on a DM basis) was composed of corn, concentrate protein, mineral supplement and urea (Table 1) . The dietary treatments were: soybean meal, cottonseed meal, peanut meal, and sunflower meal.
The experimental period lasted 28 d, with 10 d of diet adaptation and 18 d of sampling. On d 11 and 20, collections were made to study the passage rate and the adaptation of animals to external markers (complexed chrome (Cr-EDTA) and ytterbium chloride (YbCl 3 ). From d 21 to 28, feces, urine and duodenal fluid were collected and ruminal fluid was sampled to estimate the ruminal pH, volatile fatty acids (VFA) and ammonia N (NH 3 -N).
Animals were kept in metabolism stalls equipped with individual feed bunks and water troughs during data collection. Due to the work routine in the experimental station, where the sugarcane was chopped once a day, at 07.00 h, all animals received the roughage and approximately 50% of the concentrate, whereas in the afternoon (at 15.30 h), the remainder of the concentrate was mixed to the feed present in the trough, as a strategy for animals to return to the trough and also to reduce the chances of diet fermentation. .
No fermentation of sugarcane was observed in the trough, during the experiment. Throughout the entire experimental period, quantities were adjusted to allow for approximately 100 g/kg surplus in relation to the total consumed the previous day. Feed refusals were collected and weighed before feeding, and sub samples were obtained and frozen at −20 °C for later analysis.
Fiber-mordant ytterbium acetate was used to estimate the passage rate of the fiber fraction of the diet, as described by Uden et al. (1980) , with some modifications. Fifty grams of sugarcane-mordant with ytterbium acetate (YbCl 3 ) were provided to the animals in a single dose directly into the rumen in the morning of the 10th experimental day, and fecal collection was performed indicating time zero of the fecal excretion curve. Later, feces were collected at times 9, 24, 33, 48, 57, 72, 81, 96, 105 and 120 h after the marker administration (11th to 15th day). The samples were collected directly from the rectum of animals. The compartment model was used to calculate the passage rate and retention time of sugarcane, as described by Czerkawski (1986) .
The total fecal collection was used to determine the apparent digestibility. Feces were removed from trays daily at 08.00 h, then weighed, and homogenized; samples of approximately 500 g were taken for each animal, placed into plastic bags and frozen, and a composite sample was prepared for each animal based on the air-dry weight. Duodenal samples were collected over two days (fourth and fifth data-collection days during the study period) at 6-h intervals. The sample collection during the second day was delayed to ensure that every 3 h in a 24 h period was properly represented (Oliveira et al., 2007) . Samples were kept at −10 °C, and at the end of the period, one sample was made by pooling the samples of each animal in each period. Samples of feces and duodenal contents were dried in a forced-ventilation oven at 55 ºC for 72 h and ground in a mill with 1-mm-mesh sieve. Cr-EDTA was used as a fluidphase marker and YbCl 3 was used as a solid-phase marker at the estimate of the daily DM flows in the duodenum, as described by Faichney (1975) . After associating the values of flow and fecal dry matter, partial digestibility coefficients (post-rumen and ruminal) were calculated according to Ahvenjärvi et al. (2003) .
Total urine collections were performed for five days in the experimental period with two-way Foley catheters, 22 or 26 Fr with 30 or 60 mL balloon, respectively, according to the size of the heifers. A polyethylene tube was adapted at the free end of the probe for the urine to be conducted to lidded plastic containers containing 500 mL sulfuric acid 200 mL/L. At the end of each 24-hour collection period, the total weight of the homogenized content of the container was determined. Aliquots of approximately 200 mL undiluted urine from each animal were stored daily in a 1 L container at −20 ºC for subsequent analyses to determine the nitrogen balance.
Ruminal contents were sampled on the twenty-sixth day of each sampling period to determine the pH values and the concentrations of VFA and NH 3 -N. Rumen-fluid samples (around 80 mL) were collected manually, both before supplying the diet (time zero) and 2, 4, 6, 8, 10, 12, and 14 h after feeding. Immediately after collection, the pH of rumen fluid was determined using a digital potentiometer (ORION 710A, Boston, MA). A 20-mL aliquot of collected fluid was placed into a plastic bottle and frozen at −20 ºC for subsequent volatile fatty acid (VFA) analysis according to a method adapted from Erwin et al. (1961) . A 40-mL aliquot of rumen fluid was used for ammonia N (NH 3 -N) analysis, following the methodology adapted by Fenner (1965) .
To determine the microbial composition and the microbial DM flow in the rumen, rumen fluid was collected 4 h after feeding on the 28nd day of each experimental period. Approximately 3.0 L of solid and liquid rumen digesta were collected from each animal and manually homogenized with 1.0 L of 1 N saline solution. Subsequently, the mixture was filtered through double-cotton fabric, generating approximately 2.0-L fluid samples; these were then stored in plastic containers with screw on lids and frozen at −10 ºC. To isolate the bacteria from rumen digesta samples, differential centrifugation procedures were followed according to the methodology cited by Cecava et al. (1990) . After isolation, the samples were freeze-dried and subjected to DM, ash, and total N estimation (AOAC, 1990) . To estimate the biomass of microorganisms in rumen fluid and duodenal digesta samples, purine bases were used as microbial markers and quantified as described by Ushida et al. (1985) .
Feed supplied, feed refusals, feces and duodenal samples were dried at 55 °C for 72 h and ground in a Wiley mill (Thomas Scientific, Swedesboro, NJ) to pass through a 1 mm screen. Samples of corn silage, concentrates and feed refusals were analyzed for dry matter (DM; Association of Official Agricultural Chemists [AOAC] Official Method 934.01), ash (AOAC Official Method 942.05) and ether extract (EE; AOAC Official Method 920.39) contents, in accordance with the AOAC (1990). Nitrogen was determined using a LECO FP-528 nitrogen analyzer (LECO Corp., St. Joseph, MI).
Neutral detergent fiber was determined using α-amylase and without the addition of sodium sulfite and according to Van Soest et al. (1991) , adapted for an Ankom 200 Fiber
Analyzer (Ankom Technology, Fairport, NY). Acid detergent fiber was determined using the method described by Goering and Van Soest (1970) , adapted for an Ankom
200
Fiber Analyzer (Ankom Technology, Fairport, NY). The intake, digestibility, passage rate and N balance data were analyzed as 4 × 4 Latin square design using the PROC MIXED procedure of SAS (Statistical Analysis System, version 9.2). The general mathematical model was represented as follows:
Y ijk = μ + α i + β j + h k + αβ ij + e ijk in which Y ijk represents the observation on heifers k given treatment i at period j; α i represents the fixed effect of the i-th treatment, i = 1, 2, . . . , n t ; β j represents the fixed effect of the j-th period, j = 1, 2, . . . , n p ; and h k represents the random effect of the k-th heifers, k = 1, 2, . . . , n h , with variance component σ 2 c (Tempelman, 2004) . Ruminal pH, NH 3 -N and VFA data were analyzed as a double 4 × 4 Latin square design with repeated measures over time using the PROC MIXED procedure of SAS (Statistical Analysis System, version 9.2). The model included the fixed effect of treatment, time, treatment × time interaction, and random effects of animal and period. The structure of errors that best fitted the data according to the Bayesian information criterion (BIC) was used. Differences between treatment means were determined by Tukey's test. Differences among means with P<0.05 were accepted as representing statistically significant differences.
Results
In this study it was observed that different protein sources, associated with diets containing sugarcane, do not affect intake or digestibility of dry matter, crude protein, organic matter and neutral detergent fiber (P>0.05, Table 2 ).
No interaction was observed between the times and diets for any of the studied ruminal parameters (P>0.05; Table 3 ). The mean ruminal pH and NH 3 -N values were not different (P>0.05) among the diets supplied. However, differences in mean ruminal pH and NH 3 -N values were observed in times of collection (P<0.05). At the time of 10 h after the first feeding the concentration of NH 3 -N was lower (P<0.05) than times 1 and 2 h, which showed highest values for this parameter. The ruminal pH decreased (P<0.05) from 4 h after the first feeding, as compared with times 0, 1 and 2 h. Furthermore, it was observed that the values obtained in the times of 10 and 12 h after the first feeding were statistically lower than the other collection times.
The concentration of total volatile fatty acids and acetic acid, propionic acid and the acetic:propionic acid ratio were not affected by the different protein sources (Table 3 ). The concentration of butyric acid showed differences according to the protein sources (P<0.001), in which the animals that received the diet with sunflower meal exhibited lower mean values than those fed the other sources.
The protein sources with different rumen degradability did not affect the nitrogen balance, microbial synthesis efficiency (g micP/kg TDN) or ruminal kinetics (P>0.05, Table 4 ).
Discussion
Systems of evaluation of food proteins have been developed to improve the accuracy of the protein in the feeding of ruminants. The models are based on the synthesis of microbial protein in the rumen and on the rumen undegradable protein to meet the metabolizable protein requirement of the animal. No alterations in the intakes of dry matter and nutrients were observed in the animals fed protein sources of different ruminal degradability, due to the similarity in the fibrous and non-fibrous carbohydrate contents of the diets, which enabled the maintenance of the microbial protein synthesis. The results of this study agree with , who observed that cows fed different sources of true protein (soybean, cottonseed and canola meals) did not show differences in feed intake or digestibility. Contrarily, observed lower dry matter intake by cows fed urea than that of cows fed true protein (solvent soybean meal, cottonseed meal, or canola meal). It is possible that release of rumen degradable protein from urea was asynchronously relative to the dietary energy, and degradation of protein from solvent soybean meal, cottonseed meal and canola meal might have been more precisely relative to fermentation of the starch in the diet. The discrepancy between the results may not be simply explained by the source of dietary CP, but rather by the fact that multiple factors such as diet composition, protein levels and type of experiment may affect DMI.
Besides the physical factors that may limit intake, there are also chemical factors (Huhtanen et al., 2008) . Authors have reported increase in dry matter intake after postruminal protein infusion, indicating that part of the response is related to the metabolic effects, possibly mediated though improvements in the AA ratio and the energy in the tissue (Huhtanen et al., 2011) . In addition, Clark et al. (1992) reported that the microbial protein is accountable for most of the total metabolizable AA to the small intestine. Thus, the results for microbial protein synthesis (Table 4) in this study indicate that the microbial AA that reached the intestine were similar in the different protein sources, which maintained the energy-intake requirement.
According to Allen (2000) , VFA stimulate receptors present in the reticulo-rumen that activate satiety, reducing intake. The sensitivity of the epithelial receptors is proportional to the chain length; it is higher for butyrate, propionate and acetate, respectively, and the stimulus is higher at low pH values (Allen, 2000) . Although the alteration of the protein sources resulted in difference in the proportion of butyric acid, the mean ruminal pH was above 6.0 at all sampling times due to the properties of the diet, which provided the same intake for NDF and non-fibrous carbohydrate, which resulted in similar production of propionic and acetic acids, i.e., there was no accumulation of total volatile fatty acid or alteration of the degradation rate, which could cause changes in the pH. Despite the different degradability of the protein sources, the crude protein levels of the diets were similar, which was a decisive factor for the concentration of NH 3 -N in the rumen remaining similar. In all the evaluated protein sources, the average concentration of NH 3 -N remained above 5 mg/dL, which, according Satter and Roffler (1975) , has no effect on microbial protein production. The concentration of NH 3 -N in the rumen is a consequence of the balance between its production, absorption and utilization by microorganisms. The utilization efficiency of ammonia by the microorganisms for the microbial synthesis depends, among other factors, on the availability of energy in the rumen (Satter and Roffler, 1975) , thus withstanding greater microbial growth (Russel et al., 1992) .
The similarity in microbial N among the diets is possibly a reflection of the similar intake and digestibility of the nutrients, and of the similar pH, VFA and NH 3 -N values, which allowed for similar substrates, ruminal environment and fermentation characteristics for microbial growth. The microbial protein synthesis efficiency remained similar with the different dietary sources of protein, because the fermentable energy available to ruminal bacteria influences their growth rate and, consequently, the quantity of ammonia converted to microbial protein. Conversely, Brito and Broderick (2007) found that ruminal concentration of NH 3 -N was greatest in the urea diet, but similar in the true protein sources. Although the NH 3 -N concentration did not differ among the protein sources, a numerical difference was observed, wherein a higher concentration of NH 3 -N was found for soybean meal and cottonseed meal than peanut meal and sunflower meal, suggesting that the degraded protein was rapidly utilized by microbiota in the formation of butyrate, which was also higher in soybean meal and cottonseed meal, the two protein sources with the greatest estimated ruminal degradations. No other significant effects of diet on ruminal VFA were detected.
Increase in the crude protein levels in a diet containing increasing amounts of rumen-degradable protein results in increased urinary excretion of N when it is not used for the synthesis of microbial protein if energy is limiting (Hristov et al., 2004) . The rumen degradable protein can be converted to ammonia, absorbed through the rumen wall, detoxified to urea in the liver (Lobley et al., 1995) and largely lost in the urine (Choi et al., 2002) . Whilst excess supply of N to the rumen is the main source for urea N excretion, it is not the only one. Inclusion of high levels of RUP shifts protein digestion to the small intestine, where it will be broken down to AA or remain undigested and pass to the feces. An imbalance of AA with greater supply than that required can also contribute to urea production. This fact did not occur in this study, because the protein digestibility and concentration of NH 3 -N did not differ among the protein sources, and urinary and fecal losses of N were similar among the diets; in other words, the sources do not modify the N excretion in the environment. Fecal N is primarily of microbial origin, with lower amounts of undegraded feed protein and endogenous secretions (NRC, 1985) . Fecal N excretion can also be influenced by the site and extent of carbohydrate fermentation (Adams et al., 2004) . As observed, the total dry matter flow, passage rate and microbial N were similar among the true-protein sources. Agreeing with this result, Koenig and Beauchemin (2013) found that provision of rumen degradable and undegradable true protein sources did not affect the flow of dietary N from the rumen to the small intestine. On the other hand, Reynal and Broderick (2005) observed a linear increase in microbial N flow when the supply of rumen degradable true protein increased the dietary DM by 10.6-13.2%. , in turn, verified that higher supply of rumen-degradable protein was associated with increase in microbial N flow. However, the small variations observed in the composition of rumen-degradable protein from the diets with protein sources were not sufficient to change the flow, the passage rate and the microbial N in this study.
The effect of different sources of true protein in the diet was not significant as regards the microbial synthesis efficiency. It should be noted that in addition to the proportion of nutrients in the diet and the same sources of easily fermentable carbohydrates, other factors have been associated with the microbial synthesis efficiency, such as synchronization of the degradation of the feeds that make up the diet and greater supply of rumen-degradable protein (Calsamiglia et al., 2010) .
In this study it was observed that the protein sources with different ruminal degradability associated with sugarcane provide the same digestibility conditions, resulting in efficient use of nitrogen, which is a key factor that determines the economic cost and the environmental impact of ruminant production systems.
Conclusions
Sugarcane can be supplemented with alternative protein sources to soybean meal in diets for heifers without modifying the fermentation parameters, microbial protein synthesis efficiency or nitrogen excretion in the environment.
